ADA  0373  I a 


mm  w. 

4H^||  ami 


SHIP 

T CENTIR 


Gothesdo,  Md,  20084 


ST  A N D A R D i Z AT ! Q N AND  PRELIMINARY  FUEL  ECONOMY 
TRIALS  OF  USS  TARAWA  (LHA  1) 


Donald  H.  Drazin 


approved  for  public  release:  distribution  unlimited 


'yv\ 


Sx  * 

\V\ 


\ r 

SHIP  PERFORMANCE  DEPARTMENT  — 
RESEARCH  AND  DEVELOPMENT  REPORT 


Report  77  ODOR 


BEST  AVAILABLE  COPY 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


MAJOR  DTNSRDC  ORGANIZATIONAL  COMPONENTS 


MATERIALS 

DEPARTMENT 


CENTRAL 

INSTRUMENTATION 

DEPARTMENT 


BEST  AVAILABLE  COPY 


UNCLASSIFIED 

SECURITY  CL  ASSlFlCATlON  OF  THIS  PAGE  (Whan  Data  Entorod)  

REPORT  DOCUMENTATION  PAGE  beforeDcompletiTngNform 

U IfPfiWT  humIH  . 1 GOVT  ACCEMIQN  WO.  > ReClRICNT'J  CATALOG  NUM«(» 

DTNSRDC  fr-  77-(!)008  j ^ 


|4  title  (and  Submit) 


5.  TYPE  of  REPORT  ft  PERIOO  COVEPEO 


STANDARDIZATION  AND  PRELIMINARY  JUEL  ECONOMY  \J Final  ^ , ) 

TRIALS  OF  USS  TARAWA  (LHA  1 ) ' / 1 < rt*ra*Mtxa~o*G.  ftwrSm  number 


(7.  Ay  THQRr*; 


Donald  H./Drazin 


, I.  CONTRACT  or  ORAnT  NUMBERS *) 


» PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

David  W.  Taylor  Naval  Ship  Research  and 
Development  Center 
Bethesda,  Maryland  20084 

11  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 


10  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  ft  WORK  UNIT  NUMtERS 


Work  Unit  1-1536-143 


M CONTROLLING  office  n ME  AND  ADDRESS  / *-T.C. 

Naval  Sea  Systems  Command  \ !L  L — 

,,  u • l nr  onoco  '*■  number  of  pages 

Washington,  D.C.  20362  25 

Ti  MONITORING  agency  n ame  A AOORESSf/f  dlfforont  (tom  Controlling  Ottlco)  IS  SECURITY  CLASS,  (of  thlo  raporf; 


UNCLASSIFIED 


15a  DECLASSIFICATION  OOWNGRAOlNG 
SCHEDULE 


M6  DISTRIBUTION  STATEMENT  (of  thla  Roport) 


APPROVED  FOR  PUBLIC  RELEASE:  DISTRIBUTION  UNLIMITED 


hr  DISTRIBUTION  STATEMENT  (of  tho  obotract  ontorod  In  Block  20,  It  dlfforont  from  Roport) 


MB  SUPPLEMENT ARY  NOTES 


[19  key  WORDS  fContlnuo  on  rovorao  alda  It  nocoooory  ancf  Idontlfy  by  block  numbor) 


{ VK^‘  ^ 


Standardization  Trials 
Preliminary  Fuel  Economy  Trials 
LHA  1 


20  AB\t^ACT  (Contlnuo  on  ravaraa  oldo  It  nocoooory  and  Idontlfy  by  block  numbor) 

This  report  contains  the  results  of  standardization  trials  conducted 
on  USS  TARAWA  (LHA  1 ) at  a heavy  displacement  of  39,400  tons  salt  water 
(40,030  metric  tons),  and  a light  displacement  of  35,000  tons  salt  water 
(35,560  metric  tons).  Measurements  were  made  to  determine  powering  data 
throughout  the  speed  range  at  both  displacements.  In  addition,  fuel 
economy  trials  were  conducted  at  the  heavy  displacement,  and  preliminary 
data  are  included  in  this  report.  (Continued  on  reverse  side) 


DD  1473  EDITION  OF  1 NOV  «8  IS  OBSOLETE 


S 'N  01 02-LF-01 4-6601 


UNCLASSIFIED 

ItCURITY  CLASSIFICATION  O'  THU  RAOE  Daia 

^7  / >’ 


UNCLASSIF 


(Block  20  continued) 

“TARAWA  obtained  a speed  of  24.70  knots  at  175.0  RPM,  2,010,000 
pound  feet  (2,730,000  newton  metres)  shaft  torque,  and  67,050  SHP 
(50,000  kilowatts)  at  heavy  displacement.  A speed  of  25.42  knots 
was  obtained  at  174.7  RPM,  1,925,000  pound  feet  (2,610,000  newton 
metres)  shaft  torque,  and  64,000  SHP  (47,750  kilowatts)  at  the 
light  displacement.  Preliminary  fuel  economy  data  indicate  a 
Specific  Fuel  Rate  of  .647  pounds  per  shaft  horsepower  hour  (.394 
grams  per  watt  hour)  at  68,293  SHP  (50,926  kilowatts). 

'V 


*****  q\ 


i\  wrt  S*** 

• \ 

\ 

L 

U\  L 


UNCLASSIFIED 


SECURITY  CL  ASIiriCATlON  Or-THIS  PKGtCWhan  Dm  tm  Entarad) 


TABLE  OF  CONTENTS 


ADMINISTRATIVE  INFORMATION. 


INTRODUCTION. 


TRIAL  CONDITIONS. 


TRIAL  PROCEDURES  AND  INSTRUMENTATION. 


PRESENTATION  AND  DISCUSSION  OF  TRIAL  RESULTS. 


CONCLUSIONS 20 


LIST  OF  FIGURES 


Figure  1 - Standardization  Curves  at  Heavy  and  Light 

Displacements 13 

Figure  2 - High  Pressure  Turbine  First  Stage  Shell  Pressure  Curves 

at  Heavy  and  Light  Displacements 19 


LIST  OF  TABLES 


Table  1 - Ship  and  Propeller  Characteristics. 


Table  2 - Trial  Conditions. 


Table 


3 - Summary  of  Speed,  RPM,  and  Powering  Data  at  Heavy 
Displacement 


Table  4 - Summary  of  Speed  and  Torque  Data  at  Heavy  Displacement. 


Table 


5 - Suimary  of  Speed,  RPM,  and  Powering  Data  at  Light 
Displacement 


Table  6 - Summary  of  Speed  and  Torque  Data  at  Light  Displacement. 


Table 


Table 


7 - Summary  of  RPM  and  High  Pressure  Turbine  First  Stage 
Shell  Pressure  Data  at  Heavy  Displacement 


8 - Summary  of  RPM  and  High  Pressure  Turbine  First  Stage 
Shell  Pressure  Data  at  Light  Displacement 


ill 


LIST  OF  TABLES  (Continued) 


Page 


Table  9 - Summary  of  Preliminary  Fuel  Economy  Data  (English 
Units) 

Table  10  - Summary  of  Preliminary  Fuel  Economy  Data  (Metric 
Units) 


iv 


ABSTRACT 

This  report  contains  the  results  of  standardization  trials 
conducted  on  USS  TARAWA  (LHA  1 ) at  a heavy  displacement  of  39,400 
tons  salt  water  (40,030  metric  tons),  and  a light  displacement  of 

35.000  tons  salt  water  (35,560  metric  tons).  Measurements  were 
made  to  determine  powering  data  throughout  the  speed  range  at 
both  displacements.  In  addition,  fuel  economy  trials  were  con- 
ducted at  the  heavy  displacement,  and  preliminary  data  are  in- 
cluded in  this  report. 

TARAWA  obtained  a speed  of  24.70  knots  at  175.0  RPM, 

2.010.000  pound  feet  (2,730,000  newton  metres)  shaft  torque,  and 
67,050  SHP  (50,000  kilowatts)  at  heavy  displacement.  A speed 

of  25.42  knots  was  obtained  at  174.7  RPM,  1,925,000  pound  feet 
(2,610,000  newton  metres)  shaft  torque,  and  64,000  SHP  (47,750 
kilowatts)  at  the  light  displacement.  Preliminary  fuel  economy 
data  indicate  a Specific  Fuel  Rate  of  .647  pounds  per  shaft 
horsepower  hour  (.394  grams  per  watt  hour)  at  68,293  SHP 
(50,926  kilowatts). 


ADMINISTRATIVE  INFORMATION 

The  trials  of  USS  TARAWA  (LHA  1)  reported  herein  were  authorized  by 
and  conducted  in  accordance  with  Naval  Sea  Systems  Command  Trial  Agenda 
Letter  PMS  377/DJD,  LHA  1 cl/3960,  Ser  728  of  21  June  1976.  The  work  was 
accomplished  under  David  W.  Taylor  Naval  Ship  Research  and  Development 
Center  Work  Unit  Number  1-1536-143. 


INTRODUCTION 

USS  TARAWA  (LHA  1)  is  the  first  of  a new  class  of  general  purpose 
amphibious  assault  ships.  The  ship  has  a highly  automated  steam  plant 
permitting  a reduced  crew.  TARAWA  was  constructed  by  the  Ingalls  Ship- 
building Division  of  Litton  Systems,  Inc.,  Pascagoula,  Mississippi. 

Standardization  trials  were  conducted  at  the  measured  mile  course, 

San  Clemente  Island,  California  on  31  August  and  1 September  1976.  These 
trials  were  conducted  by  representatives  from  the  David  W.  Taylor  Naval  Ship 
Research  and  Development  Center  (DTNSRDC)  with  assistance  from  the  ship's 


force.  The  purpose  of  the  standardization  trials  was  to  determine  the 
relationship  between  ship  speed,  propeller  shaft  revolutions  per  minute 
and  propeller  shaft  power. 

The  fuel  economy  trials  were  conducted  in  free  route  from  31  August 
through  3 September  1976  during  transit  to  and  from  San  Clemente  Island, 
California  and  San  Diego,  California  and  while  in  the  vicinity  of  San 
Clemente  Island.  These  trials  were  conducted  by  Naval  Ship  Engineering 
Center  personnel  with  assistance  from  the  ship's  force  and  DTNSRDC 
personnel  . 

TRIAL  CONDITIONS 

The  principal  ship  and  propeller  characteristics  are  listed  in  Table  1. 
USS  TARAWA  was  drydocked  at  Ingalls  Shipbuilding,  Pascagoula,  Mississippi 
from  11  Januarv  to  18  January  1976  at  which  time  the  hull  and  propeller 

were  cleaned.  The  standard  Navy  anticorrosive  paint,  with  an  overlay  of 
vinyl  antifouling  paint,  was  applied  to  the  hull. 

Since  the  trials  were  not  conducted  until  the  latter  part  of  August 
1976,  it  was  decided  to  have  the  ship's  underwater  hull  cleaned  in  San  Diego, 
California.  This  work  was  performed  during  the  time  period  of  16  August 
through  25  August  1976.  The  hull  was  cleaned  by  contractor  divers  using 
the  SCAMP  system.  The  propellers  and  appendages  were  cleaned  by  hand. 

After  this  work  was  completed,  DTNSRDC  divers  inspected  and  recorded  the 
condition  of  the  hull.  This  inspection  indicated  that  the  propellers  had 
not  been  cleaned  sufficiently,  and  the  contractor  had  the  propellers 
recleaned . 

Trial  conditions  are  listed  in  Table  2.  The  heavy  standardization 
trials  were  conducted  on  31  August  1976  at  a displacement  of  39,400  tons 
salt  water  (40,030  metric  tons).  Light  standardization  trials  were 
conducted  on  1 September  1976  at  35,000  tons  salt  water  (35,560  metric  tons) 
displacement.  The  weather  conditions  on  both  days  were  generally  favorable. 
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TABLE  1 - SHIP  AND  PROPELLER  CHARACTERISTICS 
SHIP  CHARACTERISTICS 


Length  Overall,  LOA  (extreme) 

820  ft 

(249.9  m) 

Length  between  Perpendiculars,  LBP 

778  ft 

(237.1  m) 

Breadth,  (extreme) 

106.12  ft 

(32.3  m) 

PROPELLER 

CHARACTERISTICS 

Number  of  Propellers 

2 

2 

Propeller  Diameter 

16.5  ft 

(5.0  m) 

Propeller  Pitch  at  0.7  Radius 

18.54  ft 

(5.65  m) 

Mean  Width  Ratio 

2.49 

2.49 

Disc  Area 

214  ft2 

(19.9  m2) 

Projected  Area 

131  ft2 

(12.2  m2) 

Number  of  Blades 

6 

6 

Material 

Nickel  -A1 uminum- 

-Bronze 

Manufacturer 

Lips 

Lips 

Serial  Number 

Port  - S/N  28232 
Stbd  - S/N  28231 

Drawing  Number 

LHA1 -203-4522379 
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TABLE  2 - 
HEAVY 

Trial  Date 
Displacement 

Trim 

Sea  State 
Water  Temperature 
Specific  Gravity 

LIGHT 

Trial  Date 
Displacement 

Trim 

Sea  State 
Water  Temperature 
Specific  Gravity 


TRIAL  CONDITIONS 

DISPLACEMENT 

31  AUG  1976 

39,400  tons  salt  water 
(40,030  metric  tons) 

4 inches  by  the  stern 
(.1  metre  by  the  stern) 

0-1  Beaufort  Scale 

70°F  (21 .1 °C) 

1 .0255 

DISPLACEMENT 

1 SEP  1976 

35,000  tons  salt  water 
35,560  metric  tons) 

Even  Keel 

0-1  Beaufort  Scale 
70°F  (21. 1°C) 

1 .0255 
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Fuel  economy  trials  were  run  at  a heavy  displacement  of  39,400  tons 
salt  water  ( 40,030  metric  ton s)  from  31  August  throuqh  3 September  1976. 

Sea  conditions  were  favorable  with  low  sea  states  and  low  wind  velocitie,. 

TRIAL  PROCEDURES  AND  INSTRUMENTATION 

The  heavy  displacement  standardization  trials  consisted  of  eight 
spots  at  various  approach  speeds  in  order  to  define  the  standardization 
curve.  Six  spots  were  used  to  describe  the  light  displacement  curve. 

Some  spots  consisted  of  the  mean  of  means  of  three  passes  across  the 
measured  course.  When  the  speed  across  the  measured  course  did  not  vary 
much  between  two  successive  passes,  the  spot  at  that  speed  consisted  of 
the  average  of  those  two  passes. 

The  quantities  measured  during  the  trials  were  propeller  shaft  torque, 
propeller  shaft  RPM,  elapsed  time  over  the  measured  course,  and  high 
pressure  turbine  first  stage  shell  pressure.  Propeller  shaft  torque  was 
measured  on  each  shaft  with  a DTNSRPC  magnetic  micrometer  in  conjunction 
with  a clamp-on  torsionmeter  husk.  Interrupter  rings  on  the  torsionmeter 
husks  were  electrically  connected  to  a standardization  panel  for  measuring 
propeller  shaft  revolutions.  In  addition,  propeller  shaft  RPM  was  recorded 
by  means  of  a clamp-on  ring  with  magnetic  inserts  mounted  on  the  ring.  An 
electrical  signal  was  generated  by  a magnetic  probe  in  proximity  to  the 
ring.  Elapsed  time  was  read  from  the  standardization  panel  with  accurate 
electronic  clocks.  The  elapsed  time  was  determined  by  observers  located 
on  the  ship  at  various  locations.  They  would  start  and  stop  these  clocks 
as  the  ship  crossed  the  beginning  and  the  end  of  the  measured  course.  The 
high  pressure  turbine  first  stage  shell  pressure  data  were  obtained  from 
ship's  electrical  signals  which  were  digitally  recorded  while  conducting  a 
run.  These  signals  were  calibrated  prior  to  sea  trials. 

ProDeller  shaft  torque,  RPM,  and  fuel  rate  data  were  collected  for 
fuel  economy  trials.  These  runs  consisted  of  steaming  on  a straight 
course  for  about  two  hours  at  various  steady  operating  conditions. 
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PRESENTATION  AND  DISCUSSION  OF  TRIAL  RESULTS 


Standardization  trial  results  at  heavy  displacement  are  summarized  in 
Tables  3 and  4.  Light  displacement  results  are  tabulated  in  Tables  5 and  6. 
Both  heavy  and  light  displacement  data  are  presented  as  curves  in  Figure  1. 
The  speed  data  are  based  on  the  International  Nautical  Mile,  6076.1  feet 
(1852  metres).  The  data  presented  are  for  observed  conditions  and  have  not 
been  corrected  for  wind  effects  or  reduced  to  standard  conditions  of  sea 
water  temperature  and  density. 

TARAWA  obtained  a top  speed  of  24.70  knots  at  an  average  RPM  of 
175.0;  a total  shaft  torque  of  2,010,000  pound  feet  (2,730,000  newton 
metres),  and  a total  power  of  67,050  SHP  (50,000  kilowatts)  at  the  heavy 
displacement.  A top  speed  of  25.42  knots  at  an  average  RPM  of  174.7  was 
achieved  at  the  light  displacement.  A total  shaft  torque  of  1,925,000 
pound  feet  (2,610,000  newton  metres)  and  a total  power  of  64,000  SHP 
(47,750  kilowatts)  were  developed  at  the  light  displacement. 

As  can  be  observed  in  Figure  1,  the  data  spot  at  the  light  displacement 
condition  of  20.40  knots  does  not  fall  on  the  curve  determined  by  the 
other  data  spots.  This  problem  was  observed  while  analyzing  data  during 
the  trials.  Due  to  other  ship  commitments,  there  was  no  time  available  to 
make  additional  passes  across  the  measured  course  to  more  closely  define 
this  area  of  the  standardization  curve. 

Tables  7 and  8 are  a tabulation  of  high  pressure  turbine  first  stage 
shell  pressure  data  at  heavy  and  light  displacements,  respectively,  while 
Figure  2 presents  this  data  graphically. 

Tables  9 and  10  are  preliminary  fuel  economy  data  in  English  and 
metric  units,  respectively.  These  data  are  to  be  considered  preliminary 
as  the  final  data  will  be  published  in  a separate  report  by  the  Naval 
Ship  Engineering  Center,  Philadelphia  Division. 
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TABLE  3 - SUMMARY  OF  SPEED,  RPM,  AND  POWERING  DATA  AT  HEAVY  DISPLACEMENT 


—1 

o o 

O 

o o o 

o 

o o 

O 

o o o 

O 

O O 

o 

o o 

o 

< 

r—  co 

LO 

in  vo  co 

IT) 

os  vo 

o 

»—  oo 

O 

O 00 

o 

f—  f— 

LO 

h- 

co  c\j 

CM 

LO  *3“  vo 

LO 

00  00 

os 

co  ^3- 

LO 

. — K3- 

co 

CO  CM 

CM 

o 

•>  •» 

* 

•> 

* 

« #> 

«* 

* * • 

•> 

*»  *» 

*> 

* » 

*> 

K — 

*3 

CO  00  CO 

00 

^3-  *3- 

^3- 

r—  r—  r— 

r— 

o o 

o 

r-* 

vo 

f—  r— 

r — 

CM  CM  CM 

CM 

CO  CO 

co 

co  co 

co 

h- 

\ — 

c 

-* 

o 

O O 

o o o 

o o 

O O O 

o o 

O o 

1 

h- 

U_ 

os  co 

as 

CO 

os 

r^.  co 

1— 1 

q: 

o o 

CM  CM  CO 

co  ^3- 

VO  00  CM 

o co 

vo 

o 

a: 

•* 

»■*>»> 

*>  • 

•>  •> 

#*  ** 

> — • 

Cl. 

co 

CM  C\J 

^1- 

o o »— 

LO  LO 

CO  00 

r—  r—  r — 

r f— 

» — f — 

or 

LlJ 

o 

o o 

Q- 

h- 

o o 

o o o 

o o 

o o o 

o o 

Q 

u_ 

CM  o 

00  O'*  *3" 

O CTt 

CO  CO  *3- 

r—  r-> 

^3-  00 

CO 

<r 

CM  CM 

CM  » — CO 

LO  co 

VO  VO  LO 

o »— 

lO  ^ 

f— 

x 

* « • 

•»  #> 

#•  « #> 

**  » 

oo  oo 

vo 

VO 

CM  CM 

*3-  «3- 

CD  CD  CD 

LO  LO 

c—  r-  * — 

i — r— 

r-  * 

—I 

o o 

O 

o o O 

o 

O O 

0 

000 

O 

O O 

O 

O 

O 

O 

<c 

os 

LO 

LO  ^3-  T3- 

LO 

<3- 

LO 

CO  CTs  « — 

LO 

r— 

O 

O0 

r — 

LO 

h- 

r>-  vo 

r- 

*3 

CO  vo 

os  os 

OS 

LO  N CM 

co 

co  co 

VO 

O 

OS 

os 

h- 

LO  LO 

LO 

, 

r—  r— 

, 

os  os 

OS 

00  00  cr> 

00 

0 0 

O 

O 

OS 

os 

*— 

r~  »— 

CM  CM  CM 

CM 

^3-  <3- 

*3- 

LO 

*3 

*3- 



Q_ 

x 

vo 

f— 

o o 

O 

o o 

CD  O 

CD  CD  CD 

O O 

O O 

v— ^ 

h— 

Li_ 

O CO 

CO 

CO  r— 

r—  CM 

co  *3-  r-. 

*3  CM 

co 

CM 

cr: 

< 

co 

r-  oo 

os  0 

CO  LO  0 

CM  LO 

O 

r— 

Cd 

O 

#•  o 

** 

#>  •* 

* #> 

•*  •*  ** 

#.  •> 

*> 

#< 

UJ 

a_ 

vo 

CM  CM 

LO 

LO  LO 

OS  O 

*3  lO 

O O 

LO 

LO 

"3 

1 — 

» — r—  t — 

CM  CM 

CM 

CM 

o 

a. 

h- 

o o 

o 

o o 

0 0 

OOO 

O O 

O 

O 

Q 

u. 

Os  K3- 

CO 

co 

vo  CM 

LO  LO 

CO  LO 

O 

Os 

CO 

cr>  as 

r*- 

vo  co 

O os 

CM  CM  r- 

CO 

O 

h- 

X 

+ 

#>  ** 

« •» 

0.  •> 

•* 

- 

vo 

VO 

CM  CM 

LO 

LO  LO 

0 OS 

^3  *3-  ^3- 

0 0 

LO 

1 — 

r—  1—  r— 

CM  CM 

CM 

CM 

*3- 

VO 

LO 

vo 

«3-  LO 

LO 

vo  CM 

*3 

co  co 

LO 

^3- 

r— 

CM 

CO 

vo 

3 

0 

• 

• 

• 

• 

• • 

• 

• • 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

> 

OS 

Os 

Os 

Os 

os  as 

os 

as  as 

as 

CO  *3- 

«3" 

^3" 

OS 

os 

Os 

Os 

Os 

Os 

<1 

Os 

os  as 

os 

t — » — 

* — 

CO  CO 

CO 

co 

^3" 

*3“ 

3 

LO 

LO 

LO 

r“ 

r—  r~- 

’ 

1 

r— 

’ 

' 

' 

' 

3" 

a. 

»— 

LO 

00 

CO 

*3-  n3- 

r — r— 

vo 

r — 

00 

as 

•3- 

►— 

Li_ 

• 

• 

• 

• • 

• • 

• • 

• 

• 

• 

• 

• 

1 - 

or 

CO 

CO 

OS 

crs  as 

as  as 

CO  *3" 

LO 

Os 

co 

co 

Os 

Li- 

O 

X 

0- 

r'- 

os 

os  as 

r — t— 

CO  co 

co 

<3 

r3- 

LO 

LO 

< 

a- 

vo 

r — r— 

r—  r~— 

r — 

r— 

r— 

r — 

r— 

x: 

v/s 

»— 

LO 

Os 

LO  vo 

O ^3- 

0 co 

f 

CO 

«3- 

OS 

0 

U- 

• 

• 

• 

• • 

• • 

• • 

• 

• 

• 

• 

• 

co 

<T 

0 

0 

Os 

0*  as 

O Os 

^3-  ^3- 

<3- 

Os 

OS 

Os 

Os 

1 — 

X 

co 

CO 

Os 

os  os 

CM  f— 

CO  CO 

CO 

^3- 

^3- 

LO 

LO 

vo 

V/S 

t — f— 

r—  r— 

> — 

1 — 

< — 

* — 

1 — 

OO 

O vo 

«—  CO 

*3" 

CM 

CO  «3" 

CO 

CO  LO 

0 

O V£> 

CO 

^3" 

cm 

O 

*3  CO 

, — 

- 

UJ  h- 

co  0 

Os 

ct*  ir> 

00  LO 

vo  CO 

VO 

c-  ^3- 

vo 

VO  OS 

co 

Q. 

LlJ  O 

• • 

• 

• 

• • 

• 

• • 

• 

• • 

• 

• 

• • 

• 

• • 

• 

• — « 

CL-  Z 

r—  CM 

t — 

<3 

os  as 

OS 

Os 

1 — f— 

f — 

CM  CM 

CM 

X 

VO 

VO  ^ 

' ' 

' 

' ' 

r— ~ 

r—  r— 

' 

r'“ 

CM  CM 

CM 

CM  CM 

CM 

O 

VC 

CD 

vo 

VJ 

0 

CO 

> 

> 

> 

> 

> 

> 

> 

<a: 

<c 

c 

<c 

7 


k 


— J 

o o 

o 

o 

o 

o o 

o 

co  cr 

oo 

in 

o 

in  co 

o 

>— 

cr  cr 

cr 

cr 

cn 

VO 

o 

o 

*•  * 

• 

• 

•> 

#•  « 

*» 

V 

h- 

in  in 

in 

in 

cn 

cn  o 

o 

in 

cr  cr 

cr 

cr 

cr 

cr  in 

in 

»— 

h— 

c 

3 

O 

H 

o o 

o 

o 

o o 

—1 

h-  Ll. 

co  «r 

r— 

co 

oo  oo 

i— i 

c£  < 

o o 

o 

r— 

f—  c r 

O X 

**  ** 

*• 

•* 

« « 

Q_  OO 

CO  CO 

oo 

in 

in  in 

CNJ  OO 

oo 

oo 

oo  oo 

ac 

lu 

3 

o 

Q_ 

o o 

o 

O 

O O 

Q U- 

in  o 

r-— 

cr  o 

CD  < 

CT  cr 

cT 

r>* 

in  oo 

h-  X 

m •> 

•• 

•> 

*>  • 

• 

OO  OO 

OO  OO 

oo 

cr 

«cr  in 

CO 

OO  00 

oo 

oo 

oo  oo 

u> 

u> 

03 

s 

o 

—J 

o o 

o 

o 

o 

o O 

o 

r— 

< 

c n *r 

r— 

LO 

oo 

oo  cn 

in 

•r— 

1— 

cr>  cn 

cn 

cn 

cn 

r>.  oo 

o 

o 

#•  #» 

** 

•» 

•> 

#■  » 

#> 

h- 

o o 

o 

o 

in 

in 

o 

m m 

m 

in 

in 

in  in 

m 

m 

S 

T3 

CL 

c 

x 

03 

LTt 

o o 

o 

o 

o o 

• — 

1—  Li_ 

CO  o 

m 

o 

oo  o 

CL 

~o 

oc  <x 

CO  cn 

co 

l^s 

in  r— 

X 

0) 

CC 

O X 

*>  •> 

•* 

•* 

* ** 

in 

Z3 

LU 

CL  OO 

o o 

o 

CO 

co  cr 

c 

3 

CO  co 

oo 

CO 

co  co 

o 

*r— 

o 

in 

4-> 

Q- 

C 

4-> 

o 

C0 

o 

1 — 

o o 

o 

o 

o o 

<u 

N — «* 

Q Lu 

r — *0" 

in 

oo 

in  cn 

CQ  < 

r-  O 

o 

oo 

o o- 

03 

co 

h-  X 

#.  »> 

•» 

** 

#>  •* 

<U 

OO  OO 

o o 

o 

co 

CO  CO 

c 

LJ 

CO  CO 

oo 

co 

CO  CO 

_l 

<D 

CO 

-C 

C 

4-> 

1— 

00  00 

in 

00 

o 

*3-  O 

o 

O 

CD 

• • 

• 

• 

• 

• • 

• 

4-J 

> 

<T>  Cn 

m 

cn 

in 

cr  m 

in 

c 

m in 

in 

in 

o-  o- 

o** 

r—  r— 

r — 

r— 

r— 

r—  r— 

r— 

iu 

O 

x 

T3 

(X 

cc 

> — 

o o 

cc 

t 

o 

"O 

h-  Li_ 

• • 

• 

• 

• • 

C 

h- 

or  < 

o o 

cn 

in 

cr  in 

=3 

LU 

o X 

o-  r-. 

m 

r-  o*. 

O 

c 

CL  OO 

i — , — 

• — 

r— 

» — t — 

X 

00 

<D 

k. 

03 

►— 

O-  LO 

cr 

cn 

C\J  O 

Q Lu 

• • 

• 

• 

• • 

03 

CQ  C 

cn  cn 

cn 

cr 

cr  in 

U> 

X 

in  in 

in 

JN 

03 

OO  OO 

i—  < — 

r— 

r— 

i — * — 

T3 

<D 

3t 

O 


in 

in 

cn  cr  oo 

oo 

oo  cr 

O 

Cl 

- 

o f— 

cn  co  oo 

i — 

cn  «r 

o 

CL 

LU  o 

• • • 

• 

• • 

• 

• 

<u 

►— i 

LU  2T 

on  <r  m 

cr 

cr  cr 

LO 

cr 

cn 

X 

Q_  ^ 

oo  oo  oo 

oo 

oo  oo 

OO 

oo 

in 

in  — - 

k. 

0) 

> 

<T3 

C3 

C3 

13 

<U 

> 

> 

> 

jc: 

< 

cx; 

u- 

8 


SHAFT  TORQUE  (LB  FT)  x 10  SHAFT  TORQUE  (NEWTON  METRES)  x 10" 


o> 

vo 

o 

o 

O CsJ  co 
CM  r-  co 

o 

CM 

o>  o 

CO  CT> 

o 

CTl 

O r-  d 
CM  CM  it 

uo 

CM 

d 

CM 

CM 

in 

o 

^t 

vo  vo 

CO  CM 

O 

co 

in 

in 

in 

oo  oo  oo 

00 

ZZ , 

in  in  in 

in 

Ol 

cn 

cn 

CM  CM 
CM  CM 

CM 

CM 

d VO 

t—  o 

CM  CT* 

co  cn  co 

r^.  cm 

CM  CM 

in  d 

r—  r—  C— 

o>  a> 

vo  vo  or 

vo  co 

CM  CM 

• • 

• • • 

• • 

• • • 

• • 

• • 

CM  CM 

*»■  «s- 

in  in 

cr*  cn 

r—  f— 

t—  tr>o  cticmvo  r-~  i—  r--.  oj  O <- 

O Li-  CD  CO  O O i — CTl  01  CD  CD  LT)  LD  f-.  r—  O 

CO  ^ **  •••  ••  ••  •• 

H-  Hi  cm  cm  in  lo  cr>  cr>  r— 

l/)  OQ  r—  f— 


_ 1 
d 

CO  d 

co  r^. 

o 

co 

d <n  d 

O Ol  r- 

in 

o 

co 

o 

CO 

r—  CM  Cn 
CM  CM  CO 

25 

cn  cn 

r—  CO 

o 

co 

CT»  CM 
d 

in 

d 

o 

CO  CO 

CO 

vo  in  vo 

vo 

co  co 

00 

*“  r— 

r- 

d d 

vo  vo 

vo 

h-  r>%  cm  n m n r^c\j  ro  n in  co  d r^oo 

h-  Li-  CO  CO  OOO  CO  d VO  V£)  CO  »—  CM  C\JC\J 

tv  ^ • • •••  ••  •••  ••  as 

031  r—  > — rococo  d d in  in  in  r**.  coco 

Q.  m 


K-  vo  cm  r-  io  n o vo  co  in  d vo  in  cm  d 

□ u.  o>  cn  o cTi  o d co  in  in  in  o • — cm  r— 

co  ^ ••  •••  • • •••  ••  • • 

l — m f— »—  co  c\j  co  d d in  in  in  r^.  coco 

lu  in  in 


CO 

d 


00  oo 
- o h- 

Q_  LU  O 
►h  LU  Z 
X Q.  ^ 
OO  OO  — - 


cd 

> 

d 


•—  00 
00  o 

94 

CM  CO  d 

r^.  cti  in 

00 

co  vo 
co  in 

o 

r^. 

o vo  co 
vo  co  vo 

d 

cm 

d 

60 

d co 

vo  CTi 

co 

r—  CM 

^Z 

rj-  *3- 

«t 

CTi  CTi  CTl 

cn 

CM  CM 

CM 

CM  CM 
CM  CM 

CM 

CM 

CD 

CD 

CD 

CD 

CD 

CD 

> 

> 

> 

> 

> 

> 

d 

d 

d 

d 

d 

d 

9 


KO  VO  r- 

in 

cm  m 

o 

in  in  in 

in 

CM  CM 

co 

in  m in 

in 

p-v 

r*^ 

CVI  CM  CM 

CVJ 

CM  CM  CVJ 

CM 

CO  «ej* 
CT»  C7>  CT> 


o co  cn 
r>. 


h- 

h- 

co 

CM 

CO 

U- 

Q 

Li- 

in 

in 

in 

< 

00 

< 

• 

• 

• 

31 

h- 

31 

CM 

CM 

CM 

uo 

UO 

UO 

r— 

f— 

• — 

cm  »— 

LD  in  VO 


<U 

_J 

vo  io  vo 

in 

00  00  VO 

O 

13 

CO  00  CO 

00 

O O CM 

• — 

C 

1 — 

• • • 

• 

• • • 

• 

*» — 

o 

00  00  00 

00 

o o o 

o 

4-> 

in  h- 

< — r—  r— 

» — 

CM  CM  CM 

CM 

^ ce  «£ 
o 31 
uj  cl  uo 


kT  «ct 

in  in  co 


►—  C\J  i — c\j 

O Li-  co  co  co 

CQ<  • • • 

f — in  CT^  CX»  CT> 

oo  uo 


NVOOC 
CT»  0>  O 


UO 

uo 

O CO 

CM 

<NJ  f— 

O 

- 

o h- 

O'*  CO  00 

t — 

CTi  Kt  CD 

CL 

UJ  o 

• • • 

• 

• • • 

• 

> — i 

UJ  z 

co  ^ CO 

^ if) 

m cl  ^ 

CM  CM  CM 

CM 

CM  CM  CM 

CM 

uo 

uo 

cd 

CD 

CD 

> 

> 

> 

<£ 

10 


TABLE  5 - SUMMARY  OF  SPEED,  RPM,  AND  POWERING  DATA  AT  LIGHT  DISPLACEMENT 
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The  average  power  data  are  rounded  off  to  the  nearest  50  SHP  and  50  kilowatts. 


TABLE  6 - SUMMARY  OF  SPEED  AND  TORQUE  DATA  AT  LIGHT  DISPLACEMENT 


Mmmmt 


in 

i 

o 


in 

UJ 

oc 


f- 

o 


in  o>  o a*  o csi  o 
o*  oo  O'  o>  o*  o m co 


roNO  in  o m 
o>  o>  o'  o%  O'  o 


o r—  o 

o o>  C\J  *— 


r— »—  r—  O'  o o m m m 

r—  #—  »—  r—  r—  r—  »—  CNJ  CNI  CNJ  CVJ  CNJ 


o 

5 


a:  c 
o 

o_  in 


co  cvj 

O'  O' 

O'  CO 

r—  CsJ 

m cvj 

in 

o 

<t 

O'  o 

CO  00 

in  in  in 

o O 

00 

O' 

• • 

• • 

• • 

• • • 

• • 

• 

• 

CVJ  CNJ 

co 

in  in 

cv 

o o 

CNJ 

CVJ 

I D 
Cr 
a: 
o 


c 

□z 

in 


o u> 
co  <c 


00  O 

in  O' 

ounoo 

co 

m 

*3- 

O'  fN 

in  in 

co  co 

00  O 

o 

CO 

CNJ 

CNI 

co  co 

in  in 

O'*  o 

CO 

CO 

m o 

o 

oo  in 

O 

*cf  o 

o 

* — Cl 

o 

00  O' 

in 

* — C- 

in 

in  in 

in 

oo 

oo 

r—  in 

co 

0 0 0% 

o 

ID 

. — CO 

CVJ 

in  O 

ro  co 

CO 

in  in 

in 

00  00 

00 

f—  f—  CD 

CT*  O' 

O' 

i h- 

• — f—  t— 

• — 

r~~  » — 

r— 

* — • — 

• — 

o 


x 


00 

co  co 

tj-  CVJ 

00  o 

m in 

co  o 

oo  *— 

-J 

h-  li- 

CO 

O'  o 

O'  CO 

in  in  in 

<f  in 

-- 

ar  c 

• • 

• • 

• • 

• • • 

• • 

• • 

LU 

o 

Cr 

oc. 

O 

h- 

1— 

u. 

o 3: 
a.  m 

CNJ  CD 

CO  Tt 

in  in  in 

O'  O' 

zc 

l — 

CNJ  CNJ 

co 

in  o 

inOKt 

in  o» 

CO  ID 

in 

o u. 

00  00 

o> 

*—  CNJ 

in  it 

CNJ  co 

ID  00 

co  <£ 

• • 

• • 

• • 

• • • 

• • 

• • 

H-  X 

r—  r— 

CNJ  CNJ 

in  in  in 

O'  O' 

in  in 


in  in 

ID  r— 

o 

CNJ 

id  m 

m 

r^.  o f— 

o 

o «s- 

CNJ 

r-  oo 

CVJ 

- CD  h- 
Q.UO 

co  co 

CO 

*t-  m 

in 

in  co 

in  co  «ct 

CNJ  CNJ 

CNJ 

CO  «ct 

*“*UJZ 

zc  a-  2 

CNJ  CNJ 

CNJ 

in  in 

in 

co  co 

co 

o o o 

o 

CO  co 

CO 

in  m 

in 

r— 

r—  r— 

f— 

r—  r— 

r— 

CNJ  CNJ  CNJ 

CNJ 

CNJ  CNJ 

CNI 

CNJ  CNJ 

CNI 

in  in  — 


CD 

> 


CD 

> 

c 


CD 

:»• 

c 


CD 

> 


CD 

•a: 


CD 

> 

<c 


CD 

> 

<x: 


12 


The  average  shaft  torque  data  are  rounded  off  to  the  nearest  5 x 10+^  1b  ft  and  5 x 10+^  newton  metres. 


TORQUE  IN  NEWTON  METRES  U 10 
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TABLE  7 - SUMMARY  OF  RPM  AND  HIGH  PRESSURE  TURBINE  FIRST  STAGE  SHELL 
PRESSURE  DATA  AT  HEAVY  DISPLACEMENT 
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TABLE  8 - SUMMARY  OF  RPM  AND  HIGH  PRESSURE  TURBINE  FIRST  STAGE  SHELL 
PRESSURE  DATA  AT  LIGHT  DISPLACEMENT 
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TABLE  9 - SUMMARY  OF  PRELIMINARY  FUEL  ECONOMY  DATA 
(ENGLISH  UNITS) 


LU  CL 
U h-  I 

• <c  • r**  cvj  . — cn 

Li.  cl.  cl  onnno^ 

• Z ^tOOONVO 

u _i  on  


Q_  ZD  CO 
LO  U 1 


N C\l  CO  r—  CT>  o 

r-NVD^OLDTj-^ 
r-  00  VO  VO  VO  VO  vO 


co 

LO 

VO 

LO 

CVJ 

CVJ 

VO 

LO 

CT> 

CO 


CD 

CO  VO  00  LO  VO 

vo 

o co  cn  cvi 

co  o 



o 

> 

• • • • • 

• • 

• • • • 

• • 

• 

. 

N CO  CO  vf  o 

ro  CO 

LO  CO  VO 

LO  VO 

co 

cn 

CO  O 1 — CO  Kt 

o *— 

vt  imo  n 

vo 

o 

o ru  in  o 


co  co  *cr  o 

COOr-n^t 


n-  cvj  cvj  r-  lo  . — oo 


^OMnn<tioinin 

O < — LO  LO  N N ID 


00 


lo 


CD 

LO 

cn 

LO 

CVJ 

LO 

CVJ 

cn  o 

«3- 

co 

VO 

r— 

, — 

CVJ 

CO 

• 

• • 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

F— 

co  oo  cn  rr 

f — 

CVJ 

CO 

**  *3- 

LO 

LO 

VO 

VO 

ro 

cn 

cn 

00  O r- 

ro 

*3- 

o 

f— 

to 

vo 

VO 

o 

• — ' — 

• — 

*— 

• — 

' — • — 

• — 

' — 

' — 

• — 

< — 

Z 

z 

o 

z 

o 

»— • 

z 

o 

•— • 

1 

F— 

r— 

vo  r- 

os  cn 

o 

ro 

LO 

o 

CVJ 

ro 

CVJ 

cn 

*— « 

O 

F— 

<x. 

•a: 

CVJ 

vo 

vo  cn 

>— « 

f— 

ro 

cn 

ro  cn 

cn 

F— 

, — 

<j: 

VO 

F— 

CL 

r**. 

vo 

LO 

CVJ 

h- 

CO 

CVJ 

CVJ 

ro 

=t 

o 

CL 

CO 

o 

LU 

*> 

#>  ** 

* 

*> 

<c 

#> 

* 

•>  •> 

•> 

*» 

•* 

CL 

LU 

F — 

CL 

n- 

CTi 

CO  CVJ 

CL 

CVJ 

cn 

vo  <3- 

LO  00 

LO 

ro 

LU 

CL 

O 

r—  r— 

CVJ 

ro 

LU 

r— 

r— 

ro 

LO 

VO 

VO 

LO 

CL 

O 

r— 

X — *. 

CL 

O 

Q_ 

o 

o 

z 

z 

< 

z 

CL 

LO 

LU 

. — ro 

cn 

ro 

Q 

«—  vo 

LO  LO 

ro 

CL 

CVI 

LU 

CO 

*. ✓ 

F — 

z 

OJ  O OI 

r-s. 

vo 

LO 

co 

r\  co 

CO 

ro 

cn 

cn 

LU 

CVJ 

F — 

o 

or 

r>. 

ro 

ro 

r— 

LU 

VO 

co 

ro  co 

LO 

vo 

o vo 

F — 

o 

LO 

«=J- 

CL 

o 

#>  i> 

*» 

*> 

z 

#> 

•> 

»>  •» 

•» 

*• 

#> 

OO 

C 

LU 

CL 

CL 

ro 

n-  cn 

VO 

«t 

vo  cn 

00  CVI 

CVJ 

VO 

CVI 

CL 

3 

LU 

r— 

r— 

r—  CVJ 

CVJ 

ro 

ro 

CVJ 

o 

—1 

CL 

CL 

LU 

CL 

»— « 

LU 

LU 

_l 

o 

_l 

_J 

*— ' 

CO 

LO  Cj- 

o 

VO 

>— i 

cn  co 

vo  *3- 

r-  co 

CO  vo 

• — • 

co 

o 

vo 

O 

cn 

VO  LO 

cn 

ro 

o 

LO 

CVI  LO 

«3- 

LO 

cn  Lo 

o 

00 

CO 

LO 

CD 

LU 

cn 

ro  cn 

r— 

i — 

CO 

r — 

LO 

»—  o 

vo 

vo 

CVI 

CD 

cn 

F — 

_l 

** 

#»  *» 

*> 

*> 

Vt 

•» 

+ *> 

*> 

•> 

*• 

LU 

OO 

o 

CO 

r-.  cn 

VO 

o 

VO 

cn 

CO  CVJ 

ro 

ro  vo 

O 

r— 

_J 

z 

r— 

r— 

1—  CVJ 

CVJ 

ro 

ro 

CVI 

o 

*—* 

F— 

F— 

z 

cn 

►— • 

LO 

_J 

cn  vo 

o 

00  LO 

*3"  CO  CVJ 

O 

CO 

vo 

LU 

c 

vo 

o r^. 

CO 

o «i- 

CC  00 

i — 

co 

oo 

ro 

vo 

F— 

F — 

C0  C\J  f— 

CO  LO 

ro  cn 

* — CO  Kt 

1 — 

co  co 

r— 

< ^ 

O 

*• 

**  #* 

* 

*> 

•« 

#>  •* 

* 

#• 

* 

*« 

#> 

*> 

CL  CL 

F— 

o 

LO  VO 

o c\j 

VO 

cn 

vo 

r— 

v}- 

ro 

ZD 

' — 

r—  r— 

CVJ 

CVJ 

* — 

CVJ  CVJ 

ro 

cf 

ro 

i — 

i — 

z o 
o z 


F—  CL 

VO  NO 

inOr-lO 

LD  . — 

CVJ  CVJ 

vo 

CL  LU 

F — 

N-  CO 

cn  vo  O ro 

CVJ 

cvj  cn 

ro 

vo 

s:  q- 

CL 

1 1 

r—  CC  LD 

N O CO 

co  ro  ^ CVJ 

CVJ 

N- 

ZD 

O 

1 1 

e 

#>#>#>«> 

r>  *» 

r. 

* 

•> 

LO  L0 

CL 

VO  O CVJ 

r — oo  cvj  co 

VO  r— 

o 

r-* 

ro 

Z Q 

o z 

c_>  ZD 

< — CVJ  CVJ 

' ' 

< — CVJ 

CVJ  »— 

f~ 

o 

_l  CL 
LU 

<j-  cn 

ro  lo  ro  cvj 

r^»  cn 

CVJ 

ZD 

Q 

vo  o 

r-  CO  CO  LO 

oo  vo 

cvj  cn 

o 

Li_ 

CQ 

co  cvj 

1 1 1 

00  r—  f—  LD 

LO  oo 

rj-  LO 

cn 

i 

F— 

* #> 

1 1 1 

* •>  *> 

#•  #> 

#.  *> 

#« 

i 

L0 

O LD 

VO  CO  CVJ  LO 

cn  cvj 

t— 

VO 

r—  r— 

r — • — 

r—  CVJ 

CVI  . — 

F — F — 

F — 1 — F — F — F — F — 

F— 

CL  CL 

CL  CL.  CL  CL  CL  CL 

CL 

OOOOOOOO 

O 

CL 

CL  CL 

CL  CL  CL  CL  CL  CL 

CL 

LU 

LU 

CD 

Q F — F — h- 

F— 

z 

z 

CO 

CO  CL  CL  CL 

o0  o3 

oO  oO  oC  o0  o0  oO 

oO 

CL 

►— « 

o 

*— « 

F— 

F—  O O O 

O 

o 

L0 

LO  CL  CL  tL 

Q Q 

Q Q CD  Q CD  CD 

CD 

CL 

CO 

CO  CO 

CO  CO  CO  CO  CO  co 

CO 

F—  F— 

1 — F — F — F — F — F — 

F— 

L0  L0 

LO  OO  LO  LO  L0  CO 

L0 

UJ  CX 


o 

y~  m 

LD  r—  VO 

in 

cn 

O 

co 

CM 

r— 

cn 

** 

CO 

*— 4 

< • 

ld  co  o 

C\J 

oo 

o 

o 

o cn 

co  cn 

LO 

Li- 

cx  3 

00  LO  LO 

LD 

ID 

Kt  CO 

co  ro 

CM 

LD 

• — 4 

• • • 

• 

• 

• 

• 

• 

• 

• • 

• • 

• 

• 

o 

_j  a: 

UJ 

uj  <C 

CL. 

ZD  CL 

LD 

u_  o 

o 

LD  VO  00 

LD  LD 

iDlsOOOWCMCOO 

, — 

0 

> 

• • • 

• • 

• • 

• 

• 

ct 

N CO  OO  ^ o 

OO  00  ID  oo  LD 

LD  LD 

CO 

cn 

CD  O i — 

CO  cf 

Or-  in  ID  IV 

r-v  LD 

0 

• — ' — 

»—  r— 

' ' r ' * ' 

' — ' — 

*— 

a: 

Q- 

cx 

»— 

o cm 

LD  O 

NCMCMN^t  LD 

r-  00 

j 

co 

y— 

CC 

• • • 

• • 

• • 

• 

Li- 

o 

cd  co 

o 

CT»  ID  CO  LD 

LD  LD 

co 

co 

C 

Q_ 

CO  O 1 — 

OO  *3- 

o — IT)  ID  IV 

n-  ld 

0 

3: 

r—  r— 

r—  r— 

r—  r—  r-  r—  f—  r— 

f—  f— 

r— 

c 

oo 

1 — 

CD 

ld  cn 

ID  CM 

ld  cm  cn  o co 

LD  *— 

CM 

>- 

CO 

h- 

CO  CO  cr>  f— 

CM  CO  ^ ID  ID 

LD  LD 

co 

cn 

oo 

CO  O r- 

OO 

O t— ■ X?  LD  CO  rv. 

ld 

0 

Z 

* — ' 

r—  f— 

• — ' — • — * — » — ' — 

' — ' — 

z 

• — 

o 

o 

UJ 

o 
1— « 
h- 

z 

o 

z 

0 

0 

►—4 

y— 

_J 

< 

CO  LD  CM 

LO 

►—4 

LD  CO  LD  ON  LD  LD 

co  n- 

O 

Lt 

. 

ct 

cc 

LD  CO  O O CO 

ID  cn  . — co  00  CM 

LD  LD 

CC 

cn 

P~ 

CO 

J— 

UJ 

r--  cn  ld 

co  O 

•a; 

LD  CM  • — • — cn 

r-v  co 

CL 

cn 

0 

o 

CL 

• • • 

• • 

CL 

• • 

LU 

• 

_ 

• 

oo 

1— 

O 

ld  o 

< — 

LU 

cn  *3-  r-  ro  . — o 

co  cn 

Q_ 

CM 

, — 

>- 

<X 

c ^ 

Z oo 
•— • y— 

h- 

h~ 

§ 

S 

H— 

Q 

c 

LU 

X 

c 

o>  cn 

CM  CM 
CM  CO 

CL 

O 

Q 

LU 

»—  CM  co  LD 

cm  co  cn  oo  o 

rj-  co 

CM  LD 

O 

Z 

CL 

LU 

h~ 

00 

z 

CL 

LU 

OO 

UJ 

CL 

r-. 

CM  LD 

X 

ld  r^.  cn  cn  r-v  cm 

CO  O 

IS) 

0 

CM 

_ 1 ID 

a: 

O 

CL 

CL 

LU 

n-  O 

On.  O 

<. 

oi  m id  io  in  cc 

cn  cn 

«X 

LD 

CL 

LD 

cx  o 

Q_  *— • 

_J 

pj  iru^  O cj 

CL 

NOOLOOlD 

co  cn 

CL 

r— 

LD 

cx 

LU 

►— i 

o 

*—  »— 

LU 
— J 

r—  »—  CM  CM 

CM  r— 

LU 

-J 

U_  h~ 
o UJ 

3 

O 

CL. 

O 

CO 

LU 

CO  CM  CO 

«—  OO 

►—4 

o 

CO 

co  o ld  ld  ld  cn 

O CM 

O 

CO 

CM 

CO 

O 

CO 

—1 

r^-  cn  cm 

oo  co 

on  cm  i — *3-1 — cn 

CO  LD 

CO 

LD 

a: 

y — 
oo 

o 

z 

cn 

LD  O 

o 

3 

ID  4—  LD  *3-  LO  O 

co  cn 

0 

3 

0 

LD 

►— « 

CM  LDN 

O CM 

y— 

cold  Old 

<3-  cn 

y— 

i — 

LD 

oo 

' 

1 — 1 — CM  CM 

CM  r— 

00 

ZD 

OO 

—1 

co  cn 

O CM 

O LD  O O LD  O 

0 

co 

LU  ^ 

cm  cn  co 

cn  co  n co  . — 

00  CM 

r— 

h-  CL 

h- 

cn  co  co 

CM 

^TLDcncoLDOcnco 

CM 

C ID 

o 

• • • 

• • 

• • 

• 

• 

' 

CX  O 

*— 

LDn. 

cn  o 

Dnonaocoi/i 

LD 

LD 

Ul 

—1 

3: 

z 

o cc 

t — r—  > CM 

c 

h- 

h-  CL. 
Q- 

h~ 

O CM 

On<tlONlD 

CO  «3- 

CM 

31  OO 

CC 

1 1 co 

n- 

ON^tNCOlDlDit 

a) 

ID  2E 

o 

1 1 CO 

cm 

^ cn  ^ CNJ  LD  LD 

CM  CO 

CM 

CM 

oo  c 

Z CC 

CL 

cn  o 

co  co  ld  lo  cn 

cn 

CO 

LD 

O C3 
CD  C 

T~~ 

O 

— J UJ 

lu  3; 

Q 

co  cn 

OCOLDKt  CO 

• — 

ZD 

CO 

cm  cn  i 

i i 

cn  . — CM  LD  CO  N 

»—  00 

co 

1 

Li_ 

y— 

cn  co  • 

i i 

ONlDOCOCO 

cn 

f — 

1 

oo 

**  LD 

nninMSO 

cn  n^ 

co 

r— 

t— 

h~ 

f — 

t — 

y— 

h~ 

y— 

y— 

y— 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

O 

O 

O 

0 

0 

O 

O 

0 

0 

CL 

Q- 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

LU 

LU 

O 

a 

\— 

h— 

» — 

J — 

_J 

z 

z 

CO 

CO 

CL 

cx 

CL 

oC 

oO 

oO 

o0 

oO 

ofl 

o0 

oG 

c*G 

CL 

> — 4 

0 

►— « 

\— 

»— 

O 

O 

O 

O 

O 

LO 

LD 

CL. 

Q- 

a. 

Q 

O 

O 

O 

Q 

Q 

Q 

Q 

Q 

Q- 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

y— 

y— 

h- 

►— 

y— 

h- 

h 

h- 

» — 

LD 

LD 

LD 

ID 

ID 

LD 

LD 

LD 

LD 

18 


SHAFT  RPM 


LIGHT  DISPLACEMENT 


O PORT  ENGINE  1ST  STAGE  SHELL  PRESSURE 
A STARBOARD  ENGINE  1ST  STAGE  SHELL  PRESSURE 


HIGH  PRESSURE  TURBINE  FIRST  STAGE  SHELL  PRESSURE  IN  PSIG 


HIGH  PRESSURE  TURBINE  FIRST  STAGE  SHELL  PRESSURE  IN  Pa  I*  10  “I 


Figure  2 - High  Pressure  Turbine  First  Stage  Shell  Pressure  Curves  at 

Heavy  and  Light  Di ^placements 
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DTNSRDC  ISSUES  THREE  TYPES  OF  REPORTS 
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;t . . ;E  A PRELIMINARY  OR  TEMPORARY  NATURE,  OR  OF  LIMITED  INTEREST  OR 

Eh.  TANCC,  CARRYING  A DEPARTMENTAL  ALPHANUMERIC  IDENTIFICATION 

(T.  TECHNICAL  MEMORANDA,  AN  INFORMAL  SERIES,  USUALLY  INTERNAL 
WORKING  PAPERS  OR  DIRECT  REPORTS  TO  SPONSORS,  NUMBERED  AS  TM  SERIES 
REPORTS;  MOT  FOR  GENERAL  DISTRIBUTION. 
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